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ADRENAL DYSFUNCTION 
BACKGROUND 

1. Technical Field 

The invention relates to methods and materials involved in the diagnosis of 
adrenal dysfunction. Specifically, the invention involves diagnosing adrenal dysfunction 
by simultaneously analyzing multiple adrenal pathway components using high pressure 
liquid chromatography-tandem mass spectrometry (LC/MS/MS). 

2. Background 

The adrenals are two crescent-shaped glands positioned over the upper pole of 
each kidney. Each adrenal gland consists of internal layers that produce different 
substances. The inner part, or adrenal medulla, secretes epinephrine and norepinephrine, 
more commonly known as adrenaline and noradrenaline. These hormones are the "fight 
or flight" hormones that are released in potentially life or death situations. Their release 
increases heart rate and blood pressure, and diverts more blood to the brain, heart, and 
skeletal muscles. The adrenal cortex lies outside the adrenal medulla and responds to a 
different type of stress. Steroid hormones such as cortisone, testosterone, estrogen, 17a- 
hydroxypregnenolone, 17a-hydroxyprogesterone, DHEA, pregnenolone, aldosterone, 
androstenedione, and progesterone are produced in the adrenal cortex by enzymes that 
convert steroid substrates into products along a steroid synthesis pathway. Deficiencies 
in the conversion enzymes along a steroid synthesis pathway can lead to adrenal 
dysfunction, including 11 p-hydroxylase deficiency, 21 -hydroxylase deficiency, 
Addison's disease, and Cushing's disease. 

SUMMARY 

The invention involves the use of LC/MS/MS to diagnosis adrenal dysfunction by 
simultaneously analyzing multiple components in the adrenal pathway. This technology 
can make the differential diagnosis of enzyme deficiencies in congenital adrenal 
hyperplasia (CAH) much simpler than conducting various immunoassays. Tandem mass 
spectrometry gives positive identification to each metabolic component and is superior to 
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immunoassays, which Jack the positive identification. In addition, immunoassays can 
have cross-reactivity interference caused by structurally related compounds in the 
pathway or with drugs of similar structure. For example, a very small percentage of 
cross-reactivity can lead to an incorrect diagnosis. The data presented herein demonstrate 
that LC/MS/MS can be used to diagnose adrenal dysfunction accurately when multiple 
adrenal pathway components are simultaneously analyzed. Further, using multiple 
determinations from a single sample avoids the problem of having excessive amounts of 
blood being drawn from the patient. 

In general, the invention features a method for determining whether a mammal 
(e.g., human or rodent) has adrenal dysfunction. The method involves simultaneously 
determining the levels of at least three adrenal pathway components in a sample from the 
mammal using LC/MS/MS, where an elevation or reduction in at least one of the levels 
compared to normal levels indicates adrenal dysfunction. The adrenal dysfunction can 
include decreased or increased enzyme activity. The adrenal dysfunction can be an 1 1 p- 
hydroxylase deficiency, a 21 -hydroxylase deficiency, Addison's disease, Cushing's 
disease, a 17 a-hydroxylase deficiency, or a 3 p-hydroxylase deficiency. The pathway 
components can be pregnenolone, progesterone, 11 -deoxycorticosterone, corticosterone, 
aldosterone, 17a-hydroxypregnenolone, 17a-hydroxyprogesterone, 1 1-deoxycortisol, 
Cortisol, cortisone, dehydroepiandrosterone, androstene-A 4 dione, androstene-A 5 diol, or 
21 deoxy Cortisol. The at least three adrenal pathway components can be any three of the 
following: pregnenolone, progesterone, 11 -deoxycorticosterone, corticosterone, 
aldosterone, 1 7a-hydroxypregnenolone, 17a-hydroxyprogesterone, 1 1-deoxycortisol, 
dehydroepiandrosterone, androstene-A 4 dione, androstene-A 5 diol, and 21 deoxycortisol. 
The at least three adrenal pathway components can be any three of the following: 
pregnenolone, progesterone, 11 -deoxycorticosterone, corticosterone, 17a- 
hydroxypregnenolone, 17a-hydroxyprogesterone, 1 1-deoxycortisol, 
dehydroepiandrosterone, androstene-A 4 dione, and 21 deoxycortisol. The at least three 
adrenal pathway components can be any three of the following: 1 1 -deoxycorticosterone, 
17a-hydroxyprogesterone, 11 -deoxycortisol, Cortisol, cortisone, and 21 deoxycortisol. 
The at least three adrenal pathway components can be any three of the following: 1 1- 
deoxycorticosterone, 1 7<x-hydroxyprogesterone, 1 1-deoxycortisol, and 21 deoxycortisol. 
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The method can involve simultaneously determining the levels of at least four (or at least 
five, six, seven, eight, nine, or more) adrenal pathway components in the sample using 
LC/MS/MS. 

In another embodiment, the invention features a method of assisting a person (e.g., 
medical or research professional) in deteraiining the presence of adrenal dysfunction in a 
mammal (e.g., human or rodent). The method involves (a) simultaneously determining 
the levels of at least three adrenal pathway components in a sample from the mammal 
using LC/MS/MS, and (b) communicating information about the levels to the person, 
wherein an elevation or reduction in at least one of the levels compared to normal levels 
indicates adrenal dysfunction. The adrenal dysfunction can be an 11 p-hydroxylase 
deficiency, a 2 1 -hydroxylase deficiency, Addison's disease, Cushing's disease, a 17 a- 
hydroxylase deficiency, or a 3 P-hydroxylase deficiency. The adrenal pathway 
components can be pregnenolone, progesterone, 11 -deoxycorticosterone, corticosterone, 
aldosterone, 1 7ct-hydroxypregnenolone, 1 7a-hydroxyprogesterone, 1 lrdeoxycortisol, 
Cortisol, cortisone, dehydroepiandrosterone, androstene-A 4 dione, androstene-A 5 diol, or 
21 deoxycortisol. The sample can be a blood or a serum sample. The communication can 
include sending the information directly or indirectly to the person. The communication 
can include making the information electronically available to the person. 

In another aspect, the invention features a method for identifying a compound that 
affects a steroid pathway in a mammal. The method includes (a) obtaining a sample from 
the mammal after the mammal was treated with the compound, and (b) simultaneously 
determining the levels of at least three adrenal pathway components in the sample using 
LC/MS/MS, where an elevation or reduction in at least one of the levels compared to 
nonnal levels indicates that the compound affects the steroid pathway (e.g., adrenal 
pathway or gonadal pathway). The compound can be an animal-derived compound, a 
plant-derived compound, or an herbal medicine. 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention pertains. Although methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, suitable 
methods and materials are described below. All publications, patent applications, patents, 
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and other references mentioned herein are incorporated by reference in their entirety. In 
case of conflict, the present specification, including definitions, will control. In addition, ■ 
the materials, methods, and examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the 
following detailed description, and from the claims. 

DESCRIPTION OF DRAWINGS 

Figure 1 is flow chart depicting the adrenal pathway as well as an entry point to 
the gonadal pathway. The dotted lines (....) indicate enzyme action. 

Figure 2 is a bar graph plotting the amount of the indicated adrenal pathway 
components detected in a sample from a patient with nonnal response during (1-24) 
ACTH stimulation. Specimens were collected at basal level (before injection of ACTH) 
as well as 30 minutes and 60 minutes after ACTH injection. The dose of (1-24) ACTH 
(cosyntropin) was 0.5 mg/patient. 

Figure 3 is a bar graph plotting the amount of the indicated adrenal pathway 
components detected in a sample from a patient with normal response during (1-24) 
ACTH stimulation. Specimens were collected at basal level (before injection of ACTH) 
as well as 30 minutes and 60 minutes after ACTH injection. The dose of (1-24) ACTH 
(cosyntropin) was 0.5 mg/patient. 

Figure 4 is a bar- graph plotting the amount of the indicated adrenal pathway 
components detected in a sample from an Addison's disease patient after ACTH 
stimulation. Essentially, there was no change in steroid concentration during stimulation. 
The dose of (1-24) ACTH (cosyntropin) was 0.5 mg/patient. 

Figure 5 is a bar gr aph plotting the amount of the indicated adrenal pathway 
components detected in a sample from a patient before and after receiving metyrapone. 
Three grams of Metyrapone was taken at 11 pm the night before the second sample was 
drawn the next morning. 

Figure 6 is a bar graph plotting the amount of the indicated adrenal pathway 
components detected in a sample from a patient before and after receiving metyrapone. 
Three grams of Metyrapone was taken at 1 1 p.m. the night before the second sample was 
drawn the next morning. 
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Figure 7 is a bar graph plotting the amount of the indicated adrenal pathway 
components detected in a sample fi-om a subject before, on day 1 , and day 7 after 
ingesting 1 000 mL hot water (4 x 250 mL) wherein a 2 g licorice root cutting was 
steeped. The water was ingested over 8 hours, and the process was repeated every day 
with a fresh licorice root cutting for 7 days. 

DETAILED DESCRIPTION 

The invention provides methods and materials related to the use of LC/MS/MS to 
diagnose adrenal dysfunction by simultaneously analyzing multiple components in the 
adrenal pathway. Adrenal dysfunctions include, without limitation, 11 p-hydroxylase 
deficiencies, 21 -hydroxylase deficiencies, Addison's disease, Cushing's disease, 17 o- 
hydroxylase deficiencies, and 3 p-hydroxylase deficiencies. An adrenal dysfunction can 
be diagnosed from either elevated or reduced levels of an adrenal pathway component. It 
is appreciated that adrenal pathway components are pregnenolone, progesterone, 11- 
deoxycorticosterone, corticosterone, aldosterone, ] 7a-hydroxypregnenolone, J 7a- 
hydroxyprogesterone, 11-deoxycortisol, Cortisol, cortisone, dehydroepiandrosterone, 
androstene-A 4 dione, andrcstene-A 5 diol, and 21 deoxycortisol. An adrenal dysfunction 
also can be diagnosed from either elevated or reduced levels of an adrenal pathway- 
related component. Adrenal pathway-related components include any non-adrenal 
pathway component that is useful for assessing adrenal function. 

The invention provides methods for determining the presence of adrenal 
dysfunction by simultaneously analyzing multiple adrenal pathway or adrenal pathway- 
related components. To determine the presence of adrenal dysfunction, the levels of at 
least three (e.g., three, four, five, six, seven, eight, nine, or ten) adrenal pathway 
components or adrenal pathway-related components or combinations thereof in a sample 
from a patient can be measured simultaneously using LC/MS/MS. For example, 
LC/MS/MS can be used to determine the presence of a 17 a-hydroxylase deficiency by 
measuring an elevated level of 1 1 deoxycorticosterone (DOC) without observing an 
elevation in 11 -deoxycortisol levels. In another example, LC/MS/MS can be used to 
determine the presence of an 1 1 p-hydroxylase deficiency by measuring an elevated level 
ofbothDOC and 11-deoxycortisol. Patients with 11 P-hydroxylase deficiency or 17 a- 
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hydroxylase deficiency have reduced levels of Cortisol and cortisone. In a further 
example, LC/MS/MS can be used to determine the presence of a 21 -hydroxylase 
deficiency by measuring an elevated level of both 17a-hydroxyprogestrone and 21- 
deoxycortisol. 

An elevated level of an adrenal pathway or adrenal pathway-related component 
refers to any level that is greater than a reference level for that particular adrenal pathway 
or adrenal pathway-related component. In addition, a reduced level of an adrenal 
pathway or adrenal pathway-related component refers to any level that is less than a 
reference level for that particular adrenal pathway or adrenal pathway-related component. 
It is appreciated that a reference level of an adrenal pathway or adrenal pathway-related 
component refers to the level of that particular component typically measured in samples 
from mammals lacking adrenal dysfunction. For example, a reference level of 17- 
hydroxyprogesterone can be the average level of 1 7-hydroxyprogesterone that is present 
in samples obtained from a random sampling of 50 subjects lacking adrenal dysfunction. 
Reference levels for adrenal pathway components such as 1 1 -deoxycorticosterone, 17a- 
hydroxyprogesterone, 1 1 -deoxycortisol, 21 deoxycortisol, Cortisol, and cortisone can be 
determined as set forth in Example 1. 

It is appreciated that levels from comparable samples are used when determining 
whether or not a particular level is an elevated or a reduced level. For example, the 
average level of 1 1 p-deoxycortisol present in serum samples from a random sampling of 
subjects lacking 1 1 p-hydroxylase deficiency may be 1 ug/dL of serum, while the average 
level of 1 1 p-deoxycortisol present in whole blood samples from the same random 
sampling of subjects may be 0.5 pg/dL of whole blood. In this case, the reference level 
for 1 1 p-deoxycortisol in serum would be 1 pg/dL of serum, and the reference level for 11 
P-deoxycortisol in whole blood would be 0.5 pg/dL of whole blood. Thus, when 
determining whether or not the level of 1 1 P-deoxycortisol measured in serum is elevated, 
the measured level would be compared to the reference level for 1 1 p-deoxycortisol in 
serum (i.e., 1 pg/dL of serum). Additionally, a reference level can be any amount. For 
example, a reference level for 3 1 p-deoxycortisol in serum can be zero. In this case, any 
level of 1 1 p-deoxycortisol in serum greater than zero would be an elevated level. 
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Any sample can be used to measure multiple adrenal pathway or adrenal pathway- 
related components. For example, blood, serum, or plasma can be used to measure such 
components. In addition, any method can be used to obtain a sample. For example, a 
whole blood sample can be obtained by venipuncture. Once obtained, a sample can be 
manipulated prior to measuring the levels of adrenal pathway or adrenal pathway-related 
components. For example, a whole blood sample can be centrifuged such that serum is 
obtained. Once obtained, the serum can be extracted before LC/MS/MS analysis. 

Another enzyme deficiency that is involved in adrenal dysfunction is the lack of 3 
p-hydroxylase/A 4,5 isomeras'e activity. Two types of this enzyme exist. Type 1 is present 
at peripheral organs, skin, breast, and placenta, whereas type 2 is in the adrenal gland, 
testes, and ovaries. When the adrenal gland deficiency is of type 2, the peripheral enzyme 
(type 1) can assume some of the function. Two defective alleles are required to manifest 
the biochemical and clinical deficiency of 3 P-hydroxylase making the phenotype 
deficiency rare. 

In one embodiment, LC/MS/MS can be performed on an extracted serum sample. 
Pregnenolone (mother: m/z 317.0 and daughter: m/z 299.1), progesterone (mother: m/z 
315.2 and daughter: m/z 109.1), 11 -deoxycorticosterone (mother: m/z 331.2 and 
daughter: m/z 109.1), corticosterone (mother: m/z 347.3 and daughter: m/z 328.8), 
aldosterone (mother: m/z 360.44), 1 7a-hydroxypregnenolone (mother: m/z 331.1 and 
daughter: m/z 297.4), 1 7<x-hydroxyprogesterone (mother: m/z 331.2 and daughter: m/z 
109.1), 1 1-deoxycortisol (mother: m/z 347.2 and daughter: m/z 109.1), Cortisol (mother: 
m/z 363.0 and daughter: m/z 121.1), cortisone (mother: m/z 361.0 and daughter: m/z 
163.0), dehydroepiandrosterone (mother: m/z 330.47), androstene-A 4 dione (mother: m/z 
287.4 and daughter: m/z 97.2), androstene-A 5 diol (mother: m/z 290.43), and 21- 
deoxycortisol (mother: m/z 347.1 and daughter: m/z 311.2) can be detected in conjunction 
with d 4 -cortisol (mother: m/z 366.9 and daughter: m/z 121.2) as an internal standard. The 
analysis can include a calibration curve extending over a desired detection range. When 
using this method to analyze serum samples from normal subjects, only Cortisol and 
cortisone can be quantitatively determined. In serum samples from patients with known 
enzyme deficiencies, however, elevated levels of adrenal pathway components can be 
measured within the analytical detection limits of the instrumentation. The LC/MS/MS 
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methods provided herein correlate with an established LC/UV procedure for detecting 
Cortisol. 

In another embodiment, tests of 24-hour urinary free Cortisol can be used to 
measure the output of Cortisol secretion to diagnose Cushing's syndrome. Briefly, the use 
of HPLC for the determination can eliminate interference from drugs and other 
compounds that interfere with immunoassays so that one can differentiate Cushing's 
syndrome from healthy subjects. Using HPLC analysis, both Cortisol and cortisone can 
be measured and reported simultaneously. With the one parameter of Cortisol, the 
efficacy of the test to detect Cushing's syndrome is 76 percent. With one parameter of 
cortisone, the efficacy is S5 percent. Using both parameters, the efficacy increases to 90 
percent. The use of HPL C not only eliminates interference, but also increases test 
efficacy. 

The methods and materials described herein can be used to identify compounds 
that influence a steroid pathway. The term "steroid pathway" as used herein refers to any 
steroid synthesis or degradation pathway. For example, the adrenal and gonadal 
pathways are steroid pathways. Any compound can be analyzed using these methods and 
materials. For example, drugs, food products, animal-derived compounds, plant-derived 
compounds, and herbal medicines can be analyzed for the ability to influence a steroid 
pathway. In addition, the methods and materials described herein can be used to evaluate 
compounds for any potential side-effects caused by influencing the steroid pathway, thus 
speeding up clinical trials. For example, synthetic drugs can be rapidly evaluated to 
determine whether they influencethe P450 isoenzymes of the adrenal pathway. 
Likewise, herbal medicines such as licorice can be tested for any influences they may 
have on a steroid pathway. 

The invention also provides methods and materials to assist medical or research 
professionals in determining the presence of adrenal dysfunction in a mammal. Medical 
professionals can be, for example, doctors, nurses, medical laboratory technologists, and 
pharmacists. Research professionals can be, for example, principle investigators, research 
technicians, postdoctoral trainees, and graduate students. A professional can be assisted 
by (1) simultaneously determining the levels of at least three adrenal pathway 
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components in a sample using LC/MSMS, and (2) communicating information about one 
or more of those levels to that professional. 

Any method can be used to communicate information to another person (e.g., a 
professional). For example, information can be given directly or indirectly to a 
professional. In addition, any type of communication can be used to communicate the 
information. For example, mail, e-mail, telephone, and face-to-face interactions can be 
used. The information also can be communicated to a professional by making that 
information electronically available to the professional. For example, the infonnation can 
be communicated to a professional by placing the information on a computer database 
such that the professional can access the infonnation. In addition, the information can be 
communicated to a hospital, clinic, or research facility serving as an agent for the 
professional. 

The invention will be further described in the following examples, which do not 
limit the scope of the invention described in the claims. 

EXAMPLES 

Example 1 - Diagnosis of adrenal dysfunction 
A 500 uL serum sample from a patient was spiked with 190 pmole of d^-cortisol 
(Cambridge Isotopes Laboratories, Inc.) as an internal standard. The sample was then 
extracted with methylene chloride. The extracted sample was used for LC/MS/MS 
analysis. Briefly, the extracted sample was separated by chromatography on a reverse- 
phase column (Supelcosil LC-1 8, 33 x 4.6 mm) using 50/45 methanol/water at 1.0 
mL/rnin. The r esulting separated sample proceeded in-line directly to a tandem mass 
spectrometer (API 2000; Perkin-Elmer Sciex) operating in the multiple reaction 
monitoring mode. Pregnenolone (m/z 317.0 and m/z 299.1), progesterone (m/z 315.2 and 
m/z 109.1), 1 1 -deoxycorticosterone (m/z 331 .2 and m/z 109.1), corticosterone (m/z 347.3 
and m/z 32S.S), 1 7a-hydroxypregnenolone (m/z 331.1 and m/z 297.4), 17a- 
hydroxyprogesterone (m/z 331.2 and m/z 109.1), 1 1-deoxycortisol (m/z 347.2 and m/z 

109.1) , Cortisol (m/z 363.0 and m/z 121.1), cortisone (m/z 361.0 and m/z 163.0), 
androstene-A 4 dione (m/z 287.4 and m/z 97.2), and 21-deoxycortisol (m/z 347.1 and m/z 

311.2) were detected in conjunction with d 4 -cortisol (m/z 366.9 and m/z 121.2) as an 
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internal standard. All results were generated in the positive ion mode. The analysis time 
was seven minutes, and three separate ion-monitoring windows was utilized to maximize 
sensitivity (Wemmanne/ aL, J. Am. Soc. Mass Spectrom. 10:1028-1037(1999)). The 
analysis included a 9-point calibration curve extending from 0.5-25 ug/dL. The lower 
,evel of detection was about 0.5 ug/dL. A comparison of methods for Cortisol agamst an 
established LC/UV procedure (X) resulted in Y=l .0647 X + 0.1343, r = 0.9940, N - 27. 
In scrum samples from normal subjects, only Cortisol and cortisone could be 
quantitatively detennined. In serum samples from patients with known enzyme 
deficiencies, however, elevated levels of adrenal pathway components were measured 
within the analytical detection limits of the instrumentation. 

Tire clinical value of this method was demonstrated by analyzing serum samples 
of confirmed patients with 1 1 p-hydroxylase deficiency (n=3), 21 -hydroxylase deficiency 
(n=2), and patients receiving either metyrapone inhibition (n=2) or ACTH stimulate 
(n=3) in the context of diagnostic procedures. 

The two healthy subjects both exhibited Cortisol and cortisone in their plasma. 
One subject had only a trace amount (0.3 ug/dL) of 11-deoxycortisol. In plasma, the 
amount of Cortisol is greater than its inactive metabolite cortisone (Table 1). 

The three patients with 1 1 p-hydroxylase deficiency exhibited trace amounts of 
Cortisol and cortisone, but had high levels of 1 1 P-deoxycortisol, winch is the hallmark of 
11 p-hydroxylase deficiency. A noticeable amount of 11 -deoxycorticosterone (DOC) was 
present which was also caused by 1 1 P-hydroxylase deficiency (Table 1). One patent 
also exhibited an increase in corticosterone due to the 1 1 P-hydroxylase deficiency (Table 

0 The two patients with 21 -hydroxylase deficiency exhibited a high level of 17- 
hydroxyprogesterone and trace amounts of Cortisol and cortisone. A measurable amount 
of 21-deoxycortisol was present, which is a marker of 21 -hydroxylase deficiency and is 
not a precursor in the pathway of adrenocortical hormone biosynthesis (Figure 1). Trace 
amounts of 1 1-deoxycortisol and DOC were also present (Table 1). One patient also 
exhibited an increase in 17-hydroxypregnenolone due to the 21-hydroxylase deficrency 
(Table 1). 



BNSDOCIO: <WO 



WO 0I/XX548 



PCT/US01/H.D28 



Two patients with norma] response during (1-24) ACTH stimulation exhibited an 
increase of Cortisol. Cortisol peak occurred either at 30 or 60 minutes after receiving (1- 
24) ACTH injection. Little change was seen for the precursors (Figures 2 and 3). 

One patient with Addison's disease, whose ACTH was 1900 pg/mL (reference 
range <23 pg/mL) exhibited no ACTH stimulation effect on Cortisol or precursors at 
either 30 or 60 minutes (Figure 4). 

Two patients underwent overnight metyrapone testing to block 1 1 P-hydroxylase 
activity. The next-morning samples exhibited highly elevated levels of 1 1-deoxycortisol 
and greatly decreased levels of Cortisol (Figures 5 and 6). 

The corticortropin (1-24) ACTH stimulation test revealed that the reaction was 
very rapid. When specimens were collected 30 and 60 minutes after stimulation, Cortisol 
levels were increased in normal subjects. During these intervals, no intermediate 
compound such as 1 1-deoxycortisol or 1 7-hydroxyprogesterone was detected after ACTH 
stimulation. This phenomenon indicated that the precursors were converted to Cortisol 
rapidly. The results for the pharmaceutical block of 1 1 P-hydroxylase by metyrapone 
revealed a significant increase in intennediate compounds 1 1-deoxycortisol and DOC and 
a decreased in the end product Cortisol. Taken together, the data presented herein 
indicate that measuring only intermediate-compounds or precursors was clinically 
insignificant. In addition, the data indicated that LC/MS/MS had the ability to diagnose 
enzyme deficiency, even with a sensitivity of 0.1 ug/dL. ACTH stimulates P450scc 
isoenzyme, which converts cholesterol (C 2 i) to pregnenolone (C ]9 ) starting the process of 
the adrenal pathway. Metyrapone blocks P450c 1 1 isoenzyme activity by converting 1 1- 
doxycortisol to Cortisol. The experiments using these compounds demonstrate that the 
methods and materials described herein can be used to identify compounds that either 
stimulate certain reactions or inhibit certain reactions in a steroid pathway. 
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Table 1. Adrenal pathway components measured by LC/MS/MS 



17- 
HPG 



Cortisol 



Corti- 
sone 



14.3 ± 
8.1 



Subject 
#1 



Subject 
#2 



'Patient 
#1 



Patient 
#2 



Patient 
#3 



Patient 
#1 



Tatient 
#2 



1 



All metabolites were measured in serum samples. All values are in ug/dL. PL, 
pregnenolone; PG, progesterone; DOC, deoxycorticosterone; CS, corticosterone; 17-HPL, 
17-hydroxypregnenolone; 17-HPG, 17-hydroxyprogesterone; 11 -DC, 11-deoxycortisol; 
AD, androstene-A 4 dione; 21 -DC, 21-deoxycortisol. 

♦Assays of sera from 36 healthy subjects (fasting morning specimens) gave the following 
results (mean ± SD). 

fNonnal human subject 

JHuman patient with 1 1 p-hydroxlase deficiency 
§Human patient with 21 -hydroxylase deficiency 
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Example 2 - Jdentifyin p com pounds that affect the adrenal pathwa y using LC/MS/MS 
A 0.5 mL serum sample was taken from a healthy subject as a control. The 
subject was then given a 2 g licorice root cutting to steep in a 250 mL aliquot of hot 
water. After drinking the aliquot while retaining the licorice root., the licorice root was 
again steeped in another 250 mL aliquot of hot water. The subject drank a total of 4 
aliquots (i.e., 1000 mL) in the course of eight hours. The subject repeated this process for 
seven days, using a fresh 2 g licorice root cutting every day. Serum samples (0.5 mL) 
from the subject were taken after day 1 and day 7. LC/MS/MS analysis was performed as 
described in Example 1. 

Pregnenolone (m/z 317.0 and m/z 299.1), progesterone (m/z 315.2 and m/z 
109.1), 1 1 -deoxycorticosterone (m/z 331.2 and m/z 109.1), corticosterone (m/z 347.3 and 
m/z 328.8), 17a-hydroxypregnenolone (m/z 331.1 and m/z 297.4), 17a- 
hydroxyprogesterone (m/z 33 1 .2 and m/z 1 09. 1 ), 1 1 -deoxycortisol (m/z 347.2 and m/z 

109.1) , Cortisol (m/z 363.0 and m/z 121.1), cortisone (m/z 361.0 and m/z 163.0), 
androstene-A 4 dione (m/z 2S7.4 and m/z 97.2), and 21 -deoxycortisol (m/z 347.1 and m/z 

31 1.2) were detected in conjunction with d 4 -cortisol (m/z 366.9 and m/z 121.2) as an 
internal standard. 

The subject exhibited an elevated level of Cortisol on day 1 (9.3 ug/dL) compared 
to the control level (8.51 ug/dL). In addition, an elevated level of Cortisol was detected 
on day 7 (13.83 ug/dL) compared to the control level. The levels of ten other adrenal 
pathway components (pregnenolone, 17-hydroxypregnenolone, progesterone, 17- 
hydroxyprogesterone, androstene-A 4 dione, 11 -deoxycortisol, 11 -deoxycorticosterone, 
21 -deoxycortisol, corticosterone, and cortisone) remained low in both the day 1 and day 7 
samples (Figure 7). 

These results indicate that licorice root inhibits the enzyme 1 1 p-hydroxysteroid 
dehydrogenase. 1 1 p-hydroxysteroid dehydrogenase converts Cortisol to cortisone 
leading to an elevated level of Cortisol in serum. These results demonstrate not only that 
LC/MS/MS can be used to detect multiple adrenal pathway components with 
reproducible sensitivity, but also demonstrate that LC/MS/MS can be used to discover 
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compounds (e.g., herbal medicines such as licorice root, drugs, plant- or animal-derived 
compounds, or edible products) that affect the adrenal pathway. 

OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction 
with the detailed description thereof, the foregoing description is intended to illustrate sa 
not limit the scope of the invention, which is defined by the scope of the appended clam 
Other aspects, advantages, and modifications are within the scope of the following 
claims. 
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WHAT IS CLAIMED IS: 



1 . A method for d etermining whether a mammal has adrenal dysfunction, said 
method comprising simultaneously detennining the levels of at least three adrenal 
pathway components in a sample from said mammal using LC/MS/MS, wherein an 
elevation or reduction in at least one of said levels compared to normal levels indicates 
said adrenal dysfunction. 

2. The method of claim 1 , wherein said adrenal dysfunction comprises decreased 
enzyme activity. 

3. The method of claim 1, wherein said adrenal dysfunction comprises increased 
enzyme activity. 

4. The method of claim 1, wherein said adrenal dysfunction is selected from the 
group consisting of 1 1 p-hydroxylase deficiency, 21 -hydroxylase deficiency, Addison's 
disease, Cushing's disease, 17 a-hydroxylase deficiency, and 3 p-hydroxylase deficiency. 

5. The method of claim 1, wherein said mammal is a human. 

6. The method of claim 1, wherein said pathway components are selected from the 
group consisting of pregnenolone, progesterone, 11 -deoxycorticosterone, corticosterone, 
aldosterone, 1 7a-hydroxypregnenolone, 1 7a-hydroxyprogesterone, 11-deoxycortisol, 
Cortisol, cortisone, dehydroepiandrosterone, androstene-A 4 dione, androstene-A 5 diol, and 
21 deoxycortisol. 

7. The method of claim 1, wherein said at least three adrenal pathway components 
are selected from the group consisting of pregnenolone, progesterone, 1 1- 
deoxycorticosterone, corticosterone, aldosterone, 17a-hydroxypregnenolone, 17a- 
hydroxyprogesterone, 1 1 -deoxycortisol, dehydroepiandrosterone, androstene-A 4 dione, 
androstene-A 5 diol, and 21 deoxycortisol. 
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8. The method of claim 1 , wherein said at least three adrenal pathway components 
are selected from the group consisting of pregnenolone, progesterone, 1 1- 

deoxy corticosteroid corticosterone, 1 7a-hydroxypregnenolone, 17a- 
hydroxyprogesterone, 11-deoxycortisol, dehydroepiandrosterone, androstene-A 4 dione, 
and 21 deoxycortisol. 

9. The method of claim 1 , wherein said at least three adrenal pathway components 
are selected from the group consisting of 1 1 -deoxycorticosterone, 1 7a- 
hydroxyprogesterone, 11-deoxycortisol, Cortisol, cortisone, and 21 deoxycortisol. 

1 0. The method of claim 1, wherein said at least three adrenal pathway components 
are selected from the group consisting of 11 -deoxycorticosterone, 17a- 
hydroxyprogesterone, n -deoxycortisol, and 21 deoxycortisol. 

11. The method of claim 1 , wherein said method comprises simultaneously 
detennining the levels of at least four adrenal pathway components in said sample using 
LC/MS/MS. 

12. The method of claim 1, wherein said method comprises simultaneously 
detennining the levels of at least five adrenal pathway components in said sample using 
LC/MS/MS. 

13. The method of claim 1 , wherein said method comprises simultaneously 
determining the levels of at least eight adrenal pathway components in said sample using 
LC/MS/MS. 

14. A method of assisting a person in determining the presence of adrenal dysfunction 
in a mammal, wherein said method comprises: 

a) simultaneously determining the levels of at least three adrenal pathway 
components in a sample from said mammal using LC/MS/MS, and 
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b) communicating information about said levels to said person, wherein an 
elevation or reduction in at least one of said levels compared to normal levels indicates 
said adrenal dysfunction. 

15. The method of claim 14, wherein said person is a medical or research 
professional. 

16. The method of claim 14, wherein said adrenal dysfunction is selected from the 
group consisting of 1 1 p-hydroxylase deficiency, 21 -hydroxylase deficiency, Addison's 
disease, Cushing's disease, 17 a-hydroxylase deficiency, and 3 p-hydroxylase deficiency. 

1 7. The method of claim 14, wherein said mammal is a human. 
1 S. The method of claim 1 4, wherein said mammal is a rodent. 

19. The method of claim 14, wherein said adrenal pathway components are selected 
from the group consisting of pregnenolone, progesterone, 1 1 -deoxycorticosterone, 
corticosterone, aldosterone, 17a-hydroxypregnenolone, 17a-hydroxyprogesterone, 11- 
deoxycortisol, Cortisol, cortisone, dehydroepiandrosterone, androstene-A 4 dione, 
androstene-A 5 diol, and 21 deoxycortisol. 

20. The method of claim 14, wherein said sample is a blood sample. 

21. The method of claim 14, wherein said sample is a serum sample. 

22. The method of claim 14, wherein said communication comprises sending said 
information directly to said person. 



23. The method of claim 14, Avherein said communication comprises sending said 
information indirectly to said person. 
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24. The method of claim 14, wherein said communication comprises making said 
information electronically available to said person. 

25. A method for identifying a compound that affects a steroid pathway in a 
5 mammal, said method comprising: 

(a) obtaining a sample from said mammal after said mammal was treated with said 

compound, and 

(b) simultaneously determining the levels of at least three adrenal pathway 
components in said sample using LC/MS/MS, wherein an elevation or reduction in at 

10 least one of said levels compared to normal levels indicates that said compound affects 
said steroid pathway. 

26. The method of claim 25, wherein said steroid pathway is an adrenal pathway. 
15 27. The method of claim 25, wherein said steroid pathway is a gonadal pathway. 

28 . The method of claim 25, wherein said compound is an animal-derived compound. 

29 . The method of claim 25, wherein said compound is a plant-derived compound. 

30. The method of claim 25, wherein said compound is an herbal medicine. 
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